Introduction
With the advance of many genome projects, total numbers of genes in various species have become revealed. An unexpected observation thus obtained is that the number of genes in human or mouse is considerably smaller than that previously estimated and nearly comparable to those of lower organisms such as nematodes or plants. It has been argued that some of this apparent discrepancy might be attributed to different levels of diversity in transcripts produced by alternative splicing and alternative transcriptional initiation (ASTI). To examine this hypothesis, we conducted the genome-wide detection of ASTI in six eukaryotes (human, mouse, fruit fly, nematode, cress and rice). Full-length transcriptional isoforms (cDNAs) mapped on the same gene locus were compared pair-wise, ASTI patterns were segmented into minimal spans, and then the minimal spans (ASTI units) were classified into unique types, such as the cassette type or the alternative donor site. We found that the fractional representations of various ASTI types are characteristic to each species, that the difference in fractional representations is positively correlated with the evolutionary distance between the species, and that higher organisms utilize the ASTI mechanisms more extensively and in a more complicated manner than lower organisms.
Materials and Methods
We mapped mRNAs, which presumably code for mature CDSs according to the annotation of UniGene and other databases, onto the cognate genomic sequences. For correct assignment of exon-intron boundaries, we refined the results of MEGABLAST search with an extended version of ALN [1] . From the alignments of a set of cDNAs against a genome sequence, the gene organizations (exon-intron structures) of individual isoforms are immediately derived. To identify ASTI units, we used an efficient algorithm similar to that used in merge sort. Exonic and non-exonic regions are labeled 1 and 0, respectively, and an ASTI type is represented by a pair of bit series, such as (10001, 10101) that represents the cassette type AS. With this coding system, not only typical AS types but also any rare or new types of ASTI found in any species are treated in a unified manner. Table 1 summarizes the results of mapping of cDNAs on the six genomes. The fraction of loci that underwent ASTI of the total mapped loci was the largest for mammals and fruit fly, and the smallest for plants. Exactly the same trend was observed for the number of unique ASTI types found in each species. The observed fractional representations of the ASTI types were similar between evolutionarily close species. On the other hand, the relative orders of abundance in individual ASTI type were considerably different between evolutionarily distant species. In human and mouse, alternative splicing other than the retained introns tended to occur within the protein coding sequence (CDS) regions rather than within the untranslated regions (UTRs). In all the species examined, the difference in alternative exon lengths was most likely in multiples of three, and this tendency was most prominent when the alternative exons were embedded within the CDSs.
These observations are generally consistent with the idea that higher organisms utilize the ASTI mechanisms more extensively and in a more complicated manner than lower organisms, and that ASTI actively participates in the enhancement of the functional and structural diversity of products generated from a limited number of genes on a genome [2] . Details of the statistics of the ASTI types, as well as some features of individual ASTI units we found, are available through our Web site (ASTRA database) at http://alterna.cbrc.jp .
